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UK AZ 41 = F A B L i i )
PI3K/AK T #&AE e v R ¥ Fe A R

Beiriy!, e, 2 (1L RHHEANARER ZHEEER, LR F8 266011 2.3 B HN NRER
FHm—FE 2R 5 2660115 3.9 BTSN NREEBE gL 2R 5 266011)

WE: B S EEABL (lamin Bl, LMNBD SRS, R85
PRI s . JasE AL TR M b2 R RIE K FERAZ B0 FE (Gene Expression
Profiling Interactive Analysis, GEPIA) 4 #7 ¥ iF 5 K 2H & 1% %4 2 (The Cancer
Genome Atlas, TCGA) H He 2H 40 K i 55 H 2 LMNB 113235 /K~F-,  fi i Kaplan-Meier
S MTLMNB 13235 /K- 22 57 06 B9 5808 UG IR o SR R SN 5 & 5% & I i =X U s
(polymerase chain reaction, PCR) Al IE & 40 i 2 12 e 41 i &= HH LMNB 13k 7K
o HEHULMNBIZRIE K5 s i R N 41 s #kHep3B. HepG2, #4/NTHRNA
WUKRLMNBIZRIE, TELMNBIZRIEKFHAK K40 i SUNAT5 H 4  LMNB 152 € 1L R 1A 41
fifd £ 48 F Western blot361F 4% 4o 3%, K F CCK 8y A I ik 5l it 21X LMNB 1 5 B8 48
IS RE 7T, SR PR o B TR ORI AR B0 3R IR LMINB L = A M T B o B TR BE 7T

K H Transwel LA I it (1% 5%t 6 1A LMNB 1 )5 41 ffi A2 28 ML 7% 66 11284k . K FH Western
blot S48 6 I ik 2 14, 2 1114 B - (phosphorylated protein kinase B, p-AKT) . &% [/
B (protein kinase B, AKT) . BEERAL 40N 8 H#EE (phosphorylated extracellular
regulated protein kinases, p-ERK) M4 ffi4kif 75 85 1 (extracellular regulated
protein kinases, ERK) 251k, 45 TCGAKE E 47 ¥ =% W FHeE 4 2 h LMNB 1R 1A
KFERE 2 IEH AL E (P < 0.05) , HLMNBIZFRIE/NKFES B3 U5 2 fAE %
(P =10.003) . SZB & REPCRE RSN IEW A4 R, e+ LMNBI mRNAR
KBS HIIMHCC97H: 1.80 + 0.10 (£ =11.08, P < 0.001) ; SUN475: 1.29 + 0.03
(+=15.88, P=0.004) ; HepG2: 2.97 + 0.04 (¢=39.68, P < 0.001) ; PLC/Prf/5:

1.74 + 0.04 (¢=14.51, P < 0.001) ; HuH7: 1.70 + 0.02 (¢ =15.22, P < 0.001) ;

SK-HEP-1: 1.59 +0.05 (¢+=11.17, P < 0.001) ; Hep3B: 2.27 £ 0.09 (¢=18.50, P <
0.001) ; ¥EZEETIEW AJF4Iiu 5. Western blotZ 5 & /< 7EHepG2 K Hep3B4H il £
t, LsiScrambleH Mt FRZHAH L, %% JesiLMNB1 5256 41 [ LMNB 13 32 7K 5 3 [
(HepG2: 0.60 + 0.10 vs 1.60 + 0.10, ¢#=11.55, P < 0.001; Hep3B: 0.40 +0.10 vs 1.70 +
0.10; ¢t=15.61, P < 0.001) ; TjSUN475#: YL R j5 LMNBI1Z3% B &1 (0.70 +
0.20 vs 0.07 = 0.04; t=5.541, P=0.005) . FAKLMNBIJG}3596 h, SxIEHMLL,

Hep3B (10.81 + 0.67 vs 15.48 + 0.62; ¢=8.86, P < 0.001) };HepG2 (9.45 + 0.61 vs
17.08 £ 0.75; t=13.67, P < 0.001) ZHAuHEFEHE 14 B0k, MESUN475H It %R
IELMNBI G, SESGAH AN M8 T 280 (16.94 £ 1.52 vs 12.65 + 1.06; ¢ = 3.99,

P =0.016) . {EHepG2 K& Hep3B4H Ml R H mfIKLMNBI G, 4 A v B 1 RO 3 3/
[HepG2: (90.30 +7.24) A vs (382.01 £25.27) />, t=19.24, P < 0.001; Hep3B:

(128.03 + 8.24) AN vs (395.85 +28.27) 4, t=15.76, P < 0.001], {ESUN475 it
FIELMNBIZH X FRA S TR AN SO Z 100 [ (467.82 £4245) S vs (8531 +1532) /4

t=14.87, P=0.001]. 7EHepG2xHep3B4lfl R H @ fKLMNBI )5, FHEdiMErs4ieE
B/ [HepG2: (7525 £8.10) 4> vs (15.02 £3.50) 4>, t=11.90, P < 0.001;
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Hep3B: (16820 + 12.26) /> vs (34.83 + 7.61) 4, t=15.96, P < 0.001], 12%&
(2 P B0 R B 35 /D [HepG2:  (110.21 = 12.01) > vs (25.76 £ 4.03) 4>, ¢ =
11.50, P < 0.001; Hep3B: (15022 +15.16) /> vs (22.03 + 14.26) 4, ¢=10.65,
P < 0.001]; fESUN475t, i FIALMNBI LR H 40 il B B0 S hn [ (50.11 +
5.55) A~ vs (349.85+25.26) 4 t=11.33, P < 0.001], 1222140 K% & [FIFE 02 1
B[ (4011 £5.26) 4~ vs (80.13 £ 12.20) 4~ t =521, P=0.007]. S5xtiE4AMLL,
WUKLMNBIJG, AKTRIEEE (35 14 Kp-AK TR A K- B3 N %, it RIALMNBIA]
FHp-AKTRIEHE (PE< 0.05) o MimdKEOE RIALMNBI G, p-ERKEIZE KL
EHAAN, AKTHIERKARKFRIE KR KA AR . 2538 HH|LMNB I AT i 4 i)
PI3K/AKTAE 5 5 530 B 0 M s i & B R R mTE a2 W e 1) AR bt )
TELEIRTT HE .

E8T: e, A EHEABL; PRBK/AKTE 55 S5

Lamin B1 downregulation plays a tumor suppressive role on liver cancer by inhibiting
the PI3K/Akt pathway

Zhan Shasha', Fan Qiqi’, Li Xue® (1.Department of Geratric Medicine, The Sixth People’s
Hospital of Qingdao, Qingdao 266011, Shandong Province, China; 2.Department of Liver
Disease, The Sixth People’s Hospital of Qingdao, Qingdao 266011, Shandong Province,
China; 3.Department of Medical Oncology, The Sixth People'’s Hospital of Qingdao, Qingdao
266011, Shandong Province, China)

Abstract: Objective To investigate the effect of LMNBI on the progression of hepatocellular
carcinoma (HCC), and to explore new therapeutic targets for HCC. Methods The expression
level of LMNBI in HCC tissues and normal tissues in The Cancer Genome Atlas (TCGA)
database were analyzed by Gene Expression Profiling Interactive Analysis (GEPIA) website,
and Kaplan-Meier curve was used to analyze the effect of LMNBI expression on prognosis.
Real-time quantitative polymerase chain reaction (PCR) was used to detect the expression
level of LMNBI in normal liver cell lines and HCC cell lines. Two human HCC cell lines
Hep3B and HepG2 with higher expression levels of LMNB1 were selected and transfected
with small interfering RNA to knockdown LMNBI expression, LMNB]I stable overexpression
cell lines were constructed in SUN475 cells with low level of LMNBI expression and the
transfection efficiency was verified by Western blot. The proliferation capacity of HCC cells
after knockdown or overexpression LMNBI was measured by CCK8 assay, and plate clone
formation assay was used to detect the ability of clone formation of the cells. Western blot
was used to detect the expression of phosphorylated protein kinase B (p-AKT), protein kinase
B (AKT), phosphorylated extracellular regulated protein kinases (p-ERK) and extracellular
regulated protein kinases (ERK). Results The results of TCGA database showed that the
expression level of LMNBI was higher in HCC tissues than that of normal tissues (P << 0.05), and
the expression level of LMNBI was negatively correlated with the prognosis of patients with
HCC (P = 0.003). Real-time quantitative PCR showed that compared with the normal human
liver cell lines, the mRNA expression level of LMNBI in MHCC97H (1.80 + 0.10; ¢ = 11.08,
P < 0.001), SUN475 (1.29 £ 0.03; ¢t = 5.88, P = 0.004), HepG2 (2.97 £ 0.04; t = 39.68, P <
0.001), PLC/Prf/5 (1.74 £ 0.04; ¢ = 14.51, P < 0.001), HuH7 (1.70 £ 0.02; t = 1522, P <
0.001), SK-HEP-1 (1.59 £ 0.05; t = 11.17, P << 0.001) and Hep3B (2.27 + 0.09; ¢ = 18.50,
P << 0.001) were significantly higher than those in normal human liver cell lines. Western blot
showed that in HepG2 and Hep3B cell lines, the expression level of LMNBI in the siLMNBI1

m
-
EGM

At

&



& .

)
m
s
EGO

At

group reduced significantly compared to that of the siScramble control group (HepG2: 0.60 +
0.10 vs 1.60 £ 0.10; £ = 11.55, P << 0.001; Hep3B: 0.40 £ 0.10 vs 1.70 + 0.10; t = 15.61, P <
0.001). The expression of LMNB] increased significantly after transfection of the plasmid in
SUN475 (0.70 £ 0.20 vs 0.07 £ 0.04; ¢t = 5.541, P = 0.005). After LMNBI knockdown and
cultured for 96 h, the proliferation ability of Hep3B (10.81 + 0.67 vs 15.48 £ 0.62; ¢ = 8.86, P <
0.001) and HepG2 (9.45 + 0.61 vs 17.08 £ 0.75; t = 13.67, P << 0.001) cells were significantly
inhibited compared with the control group, however, after the overexpression of LMNBI in
SUN475, the cell proliferation activity was significantly increased in the experimental group
(16.94 £ 1.52 vs 12.65 £ 1.06; t = 3.99, P = 0.016). After LMNBI knockdown in HepG2
and Hep3B cell lines, the number of cell clone formation decreased significantly (HepG2:
90.30 + 7.24 vs 382.01 = 25.27, t = 19.24, P < 0.001; Hep3B: 128.03 £ 8.24 vs 395.85 +
28.27, t = 15.76, P < 0.001). In SUN475, LMNBI overexpression significantly increased
the number of clones compared with control group (467.82 + 42.45 vs 85.31 £ 15.32, ¢t =
14.87, P = 0.001). After LMNBI knockdown in HepG2 and Hep3B cells, migration (HepG2:
75.25 + 8.10 vs 15.02 + 3.50, £ = 11.90, P << 0.001; Hep3B: 168.20 + 12.26 vs 34.83 £+ 7.61,
t=15.96, P < 0.001) and invasion (HepG2: 110.21 + 12.01 vs 25.76 £ 4.03, ¢t = 11.50,
P < 0.001; Hep3B: 150.22 + 15.16 vs 22.03 + 14.26, t = 10.65, P << 0.001) of HCC cells
decreased significantly. In SUN475, after LMNBI overexpression, migration (50.11 £ 5.55
vs 349.85 £ 25.26); t = 11.33, P < 0.001) and invasion (40.11 £ 5.26 vs 80.13 + 12.20; ¢ =
5.21, P =10.007) of the cells increased significantly. Compared with the control group, LMNB1
knockdown resulted in a significant decrease in the phosphorylation activity form of AKT
(p-AKT expression level), while overexpression of LMNBI resulted in an increase in p-AKT
expression (all P << 0.05). After knocking down or overexpressing LMNBI, there was no
significant change in the expression level of p-ERK, and there were no significant change in
the background expression levels of AKT and ERK. Conclusions Inhibition of LMNBI can
inhibit the occurrence and development of HCC by inhibiting the activation of PI3K/Akt
signaling pathway, which can be used as a new biomarker for diagnosis of liver cancer and a
potential therapeutic target.

Key words: Hepatocellular carcinoma; Lamin B1; PI3K/AKT signaling transduction pathway

JHE R T A R G IR 2 —, SN
SR R P ™ A A R ARE20224F [H S
i HH o R AT ) B BT 4 R RE G Bl . T RO
S U0 R R o ED . IR R A — AN
R R R I At Y. BT ) G K DR 27 4 ER
AR, R EMEESEREREE, 18
LTURT 9955 (hepatitis B virus, HBV) &A1
&7 ZB1 (aflatoxin B1, AFB1) & FE G H
RO, MR RIEE S, Pl A R R
(hepatitis C virus, HCV) 5| & [ A8 A4 AP R P
i 1 1 AP A J i k™. B H Rk, R IR R
HIZAEHBEIT HEAFARYIGR M. S
VA (radio frequency ablation, RFA) . ¢ FyEHf
% (percutaneous ethanol injection, PEI) F1Z:z) ik
ST FEZE (transcatheter arterial chemoembolization,

TACE) ", RUEHIT FBZFE, (Hb T Al
PakE, BE KRR A YL, BFEE
ZEhe o, WHEBME R, X
RS W Je a7 i R T R R N A Z
EEABIREFE w4 )ZEABL (lamin Bl,
LMNB1) J&JE A% I s 20 43, the i 5L i
HatE Az, fEREREE. ERERE M
WARBEPREEE/EH. LMNBIEAKES 5
LU FEES), BFEDNAEHIAEES . PrEfLR
s QNS SN TIPS Y e s A S i o
WA iR B A, AR AR E ", T
FRHLMNBIHE: R 8 & 88 LR FELMNBI %R
ik B, 5 G @R B AL N L R E SR AN
RA RN, o7&, LMNBIE ([ 78 s
FRE R EEEAEN, (HLMNBI1&E (7 KA R



JiE TP AR R L i AN e WA . ASHIE AT I A3
NLMNB 12 [ 2835 ] [ 40 i 1) A2 ) 2 i R
WAEMLE], FEIRFILMNBILE [ 2 5H 2R AT
JH- 9 R R HE R

1 ZRSHE

1.1 AAAR A NIEH 40 RHL-7720. A JH
JE 41 fil AKMHCC97H. SUN475. HepG2. PLC/
prf/5. Huh7. Hep3B. SK-HEP-1l [ 3¢ F %
KW EEAF . (American type culture collection,

ATCC) ; JiaF 1% H 3£ [E Gibco A 5], RPMI-
164037 73 . MG, 25 RS W HIL R REEE
VIR R A7 Lipofectamine 20000 H 3% [H
Invitrogen/A &, siScramble. siLMNBI1 H i Fd
FHEAYRHE AT, mRNAREFRRAE. SYBR
Mix i & 5 AL E R AR A R AR . Anti-
LMNBIFifk (#13435) . anti-AKT (#4685) .

anti-p-AKT (#4060) . anti-ERK (#4695) . anti-
p-ERK (#4370) Hifkll HEECSTA R, GAPDH
(ab22555) Hifkll H & EAbcam A F]; it
(00028856) Wy H REAMLFTAEY A H]; RIPAEH
R — P HUMBER . Cell Counting Kit-8
(CCK8) . BCAHEHE&ERX&, SDS-PAGETI
HRRA . 1 x TBSTHR R 30 B A [ E 7
Y TREERAF.

1.2 %7k

1.2.1 TCGAXUR B r #3851 il B PR 2 78 7K
FE A B HF & (Gene Expression Profiling
Interactive Analysis, GEPTA) (http://gepia.cancer-
pku.cn/) Zr e 5 R 4 B £ HE 7 (The Cancer
Genome Atlas, TCGA) 3694 I FEA DL K&
160N 55 15 I A AR A i LMNB 1 (1) 3215 7K1 72
S, HAEBFERE . ARIELMNBIZR L KA AE

V4 I B35 9 ALMNB1 5 315 7K - 20 R LMNB K
RILKTFAH, %1824, K Kaplan-Meier/3
LMNBIZRIE K i o i 3 WS i gem,  JF4
% Kaplan-MeierE {7 1 25

1.2.2 40397  AHEIT I 401 R 1 2 200 5 K
H & (short tandem repeat, STR) fiill. 5¢4 57
FAFFH10%M6 4 ME 1% E FR-FHERBAY N
90%RPMI-164035 7= B /e ], FH T35 9% A IE & JH-4H
ZHL-7720. AJFFJE408 ZRMHCC97H, SUNA475,

HepG2. PLC/prf/5. Huh7. Hep3B. SK-HEP-1, T
37 °C, 95%IE, 5% CO,MZHuRE A 3%
RMGEMPRAS, AT BB AREFE AL B

1.2.3 20 S RNA G B S S I e 5 584 g i =0

- FEEE . 9

. (polymerase chain reaction, PCR) &K%
A RFEFR TN FLAR, IEFEEE 9724 h)G 7 85 5%
W, PBSHE3k, RFLIMAS00 ul Trizol, 242
R ~2 minf5BHEME L, RAH1.5 ml EPEIX
£, FES min; JIA200 pl& i, RIZLE 40 s.

4 C4MEF, 12000 r/min£r15 min (&0 347
20 cm) , ANOIREL RS, S5 EARE RN 1E
JRA], BB 10 min. 4 ‘CZ%AMFF, 12000 r/min L
10 min (B 0220 cm) , FAOHEEEE, 5
1 ml 75%ZBE2R 18R], &1 min, 4 CHKMT,

7500 r/min 05 min (04420 cm) , LEFIE
B R TR, W KB FRNAGINE . K HE
RNA Jsz % 35 15055 & U0 B PO B RN AT 4% 5% J9cDNA,

S QP CRB T &L M A% 4% 8 U B A, Al
LMNBI mRNAKF-. 51¥F48: LMNBIIEH 5]
¥)3’-ACATGGAAATCAGTGCTTACAGG-5", %[
51413°-GGGATACTGTCACACGGGA-5; f-actiniF
1] 51413’ -CGCGAGAAGATGACCCAGAT-5", % [f]
51413°-GGGCATACCCCTCGTAGATG-5’.

1.2.4 HfsiRNAB L R e R E ¥
Hep3B. HepG24iHfy 7 Jy X B 4H R SEUG 4H, 4y
BlEEF T SFLR S, RAEsIRNAG B R & 14
Z, SRl YesiScramble (XFHEZH) FlsiLMNBI
(SEE4H) o siLMNBI/NFHRNAFF K.

5’-GCATTAAAGCAGCGTATC-3’, ovLMNBI1J5
W L ELR, K SUN4ATTSYE I 45 bt HE 20 % Sy
H, oy T SFUBCE, AR PR AR S R B A 11 15 B
PREKR R, ARG AL H . )5l
Western Blot S 566 Il i ik A i K IA 40 i - LMNB1
RIEKFE, BUEFE R

1.2.5 41 ff 438 B 3% M ARSI oK A5 B K
Hep3B. HepG2. SUNA475XFHELL K Sut2H 20 i F Fifefity
WG, 800 r/min .05 min (024230 cm)

Ja 7 bAE, MANHT RS TR S AR R A, AR
AT MR, BL2 x 107/ FL3ER T-96 5Lk, 4H
MussF= 4 5 7%. 2010 hy 24 hy 48 hy 72 h,

96 WS I 20 AR R A P o AS I F CCK 8 5 T8
MIERPIM16404%1 & 10758 24 4F N ECH], &EFLIN
AN100 plfSR, AfuksRFM &2 ha, ffHEE
A F-450 nmi K ARSI FEAE

1.2.6 Western blotaill #Hep3B. HepG2. SUN475
Xof HB 2 % ST 2 241 it FH PRIV AL 5 B 0, EUAR T
VE, IINE YRR R, UK LR
30 min/5, 12000 t/mingS {215 min (0>24%20 cm)

Ja /NI E S, SR I BS A bR AE I & 8 AR
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J¥, FIAEAEWIIALoadinng bufer, 95 ‘C#10 min/5
Rl o ALK QGREERCHEIE N80 V, B E N
120 V) , 3JE (300 mA) 1.5 h, HR#EE W =R
B30 min, —H FRPUAGABHLGIFE) 4 C
FFENR . Pt PR Ui LB ) = TR Y
H1h, 1 x TBSTHEER PR G A6 IR &
oo 3 I A I A0 R AR S Bl R IA LMNB T 18
AL A E#B  (phosphorylated protein kinase B,

p-AKT) . S BB (protein kinase B, AKT) .

e IR A4 48 i 463 5 & ¥ BF (phosphorylated
extracellular regulated protein kinases, p-ERK) K
M AN B RS (extracellular regulated protein
kinases, ERK) X} T N ZSGAPDHIRIEA =,
5E LMNB It [T 40 i PI3K/AK T3 i S« MAPKG 4
AT R 2 o

1.2.7 s RS E  #4b T 54 K Hep3B

HepG2. SUN475% HE 2H K 52 56 28 41 i ] 4 41 i 22
W, Tk RE b 7R JE BT A H, A2 x
10°/FLEER T oFLAR T, AR IAIT 6 FLAR S Zk A 41
MI¥ 5150 4. AREESFRARE AR 12 d. LA
IR, PBS/ANGIPE, RESLIEAL ml 4% JEHIIE
030 min, [EEMM, 256551030 min, BT
BRI AL AR R 4 e v B (4t B >
S50 NI R e D

1.2.8 T 5RFELE KT 0 8HAE KWK
Hep3B. HepG2. SUN475% {8 2H Az S 56 2H 4 Jfa o)
BRI, HIRFL2.5. T4 AT JE BT 40
T EEAE2 < 100 M I J0 i 8% 7R L ek
A (RZFZRE) AR GEBIRK) Matrigel ik
fWtranswell/N 2, /a8 24508, 2440
ENE10%6 4 175 K85 72 52500 pl, J5 140 b
TR, 24 h GERESER) =48 h (RZRIE)

Ja, LAA%IEHEE30 minfl0.1%%45 4520 minfE & A1

2SI

FHEAR IER AR
(160 (3691

yett, BRE N iHEOT TS .

1.3 %t 38 {8 FISPSS 22.048 11 AT Hdi i1
Gt #r, LMNBI mRNAZRIE/KF- A 4 g 4 4
W EETEREENTE IES S MR R,

PAx+ 3R, PHALI LLECR MO A RS LS, s
B A7 2R Kaplan-Meier 73 #7571k, AP <
0.05 N ZFA G = o

2R

2.1 TCGA#ABEH5HT STCGAKUHE 3694
FEAC DL 2 1604 55 180 I H SR AR 1 4 i 2 1

9 2H 21 HH LMNB] mRNA KA K 23w T 52 1
WHN, ERESRIFEL (P <0.05) . Kaplan-
Meier /7 fI 2k R W], LMNBI {5321k 583 17l J5 58
LMNBIMLFKIEEHZ (P=0.003) . WWEI1A. 1B,

2.2 LMNBI {5 AR afit % R BT 9% ta e & o 49
FI& AAXTIER ANFF4IM &R, AP 4i i LMNBI
mRNA %%k &7 5 NMHCC97H: 1.80 + 0.10 (¢ =
11.08, P < 0.001) ; SUN475: 1.29 + 0.03 (¢ =
5.88, P=0.004) ; HepG2: 2.97 £ 0.04 (¢=139.68,

P < 0.001) ; PLC/Prf/5: 1.74 + 0.04 (¢ = 14.51,

P < 0.001) ; HuH7: 1.70 £0.02 (r=1522, P <
0.001) ; SK-HEP-1: 1.59 +0.05 (¢+=11.17, P <
0.001) ; Hep3B: 2.27 + 0.09 (r = 18.50, P <
0.001) ; DL EHm4n i R LMNBIFR L) W% 5
FIEW AT &R, STCGAKE JE /) #r4s R —
#;, WEI1C. VL b4 5 RHLMNBITE @ H 23 %
JE i R RIA B, SREJLMNBIZR R BA (e it
JiFgeE AR Rk R AR A

2.3 EATRE I F ki R A LMNB1 % Western
blot¥&iE Western blot4h i & /R fEHepG2 . Hep3B
A E T, HsiScramblefd X AL,
PusiLMNB 1 SZ46 20 I LMNB 1 % 34 7K F 2 [ 1K
(HepG2: 0.60 + 0.10 vs 1.60 + 0.10, ¢ = 11.55,

1 LMNBI fERFZ@RIE LA
VE: A ER TCGA B FE R4 LMNBI mRNA RIA/KPEgm551EH A5 B KR TCGA HdiFE MR LMNBI =300k f1 &
HWEEZE MERFRAEFML 95% BEXIE; C BN qPCRAIR RS IEH IR HL-7720 i LL, S @A R LMNBI FRiEY)EE L.



P < 0.001; Hep3B: 0.40 + 0.10 vs 1.70 + 0.10, ¢=
15.61, P < 0.001) , WE2A. 2B, #i#HepG2 i
Hep3B4H igsiLMNB1 5256 20 A 24 Hb {7 LMNBI .
M SUN475 & 4t Ji ki j5 LMNB 136 ik & 2 8 0
(0.70 £ 0.20 vs 0.07 + 0.04, 1=5.54, P=0.005) ,
JLERC, FRIISUNATS4HML A SEE T LMNBLE KX .
2.3 LMNBISTIF & ta 038 78 7% M ®5of  RIRLMNBI
Ja, ¥57R96 h, SXIHEZHAHLL, Hep3B (7= 8.86,
P < 0.001) KHepG2 (t=13.67, P < 0.001) 4

BT - 1

FO 3 1 O P, T AESUN475H i RIKLMNBI
Jei, SEOGZHAN M TS TE B E RN (¢ =3.99, P =
0.016) , H&I/NLMNBITE ¥ 40 P 386 5 o 4 15 8 2
fEA. L3, %I,

2.4 LMNBI*TFF55 ta it 36,147 mb %00 1EHepG2 %
Hep3B4H il & H UK LMNBI 5, 20 il v [ T% i3
BERF [HepG2: (9030 £ 7.24) A vs (38201
25.27) A, t=19.24, P < 0.001; Hep3B:
(128.03 £8.24) /N vs (39585 +£2827) 4, t=

2 Western blot 3&1iF HepG2. Hep3B K& SUN475 4Rz~ LMNBI & A #ER ST ik
7E: AN HepG2 4 #% % siLMNBI1 5 LMNB1 ik /K & E K (0.60 +0.10 vs 1.60 £0.10, ¢=11.55, P < 0.001) , siScramble
REFAMEXTIBAL, siLMNBI AAES2U64; B 4y Hep3B 4114 4% siLMNBI J5 LMNBI1 #iA/KF & K (0.40+0.10 vs 1.70 £ 0.10, =
1561, P<0.001) , siScramble xRN, sILMNBI AARLIGAL; C Jy SUN4TS ARl 4 ovLMNBI ji LMNBI Fik/K PR E T 070+
0.20 vs 0.07 £ 0.04, t=5.54, P=0.005) , ovLMNBI1 £ 5240, PCDH ft3& [ LN B4 .

(h)

(h) (h

3 LMNBI EEXI ATz SRR A R0
7E: A N HepG2 4lIJfuf% 4 sILMNB 1 S256 41 41 i 39 GE v 1 2 3% F4AIK; B A Hep3B 4l S 4 sSILMNBI 5206 28 21 i 358 514 7% 1k 55 3 PAAIG 5

C 79 SUNAT5 41jfa#e 4 ovLMNBI1 SK56 2 20 3 53 1 ot 2538 o

R 1 NERFEMEAE R E S A RIS EE Y (X +5)
JHF 9% 4m B Oh 24h 48h 72 h 96 h
HepG2
siScramble 1.00 £ 0.21 1.64+0.33 3.08 £0.62 7.97 +0.65 17.08 £0.75
siLMNBI1 1.00 + 0.05 1.35+0.11 2.53+0.30 4.60+0.53 9.45+0.61
HE 0.00 1.43 1.38 6.93 13.67
Pia >0.999 0.225 0.240 0.002 < 0.001
Hep3B
siScramble 1.00 £ 0.05 2.59+0.19 4.59+0.28 7.95+0.70 15.48 £0.62
siLMNBI1 1.00 +0.08 1.46 £0.25 2.60 +0.40 5.21+0.54 10.81+0.67
HE 0.00 6.22 7.12 5.37 8.86
Pia > 0.999 0.003 0.002 0.006 < 0.001
SUN475
PCDH 1.00 £ 0.05 2.50+0.26 5.82+0.83 8.63+1.10 12.65 +1.06
ovLMNBI1 1.00 £ 0.02 3.52+0.40 7.39+0.83 11.06 +0.92 16.94 £ 1.52
HE 0 4.03 2.32 2.95 3.99
Pa >0.999 0.016 0.081 0.042 0.016

#¥: siScramble fCFKFAMEXT R, sILMNBI ARERMAK LMNBI RIELKH; ovLMNBI R RIA LMNBI FKik52564H, PCDH LR EA

PEXTHEA.
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15.76, P < 0.001], {ESUN475th, if#&ikLMNBI
X REZH e BT R B N [ (467.82 +
42.45) N vs (8531 +15.32) 4, t=1487, P=
0.001]. PAEZ5HEM, LMNBIW] i 2 15 e 4
Mo seRE T he 1, L4,

2.5 LMNBIA A AT & tm itz 22 44 69 %k 1E
HepG2 JtHep3BAH il & HH @il LMNBI 5, T 4t il
TR B B35 /> [HepG2:  (75.25 £8.10) 4
vs (15.02 +£3.50) 4, t+=11.90, P < 0.001;
Hep3B: (168.20+12.26) 4~ vs (34.83+7.61) 4,
t=15.96, P < 0.001], 1&Z% K40 o %= [5) F 55
FER> [HepG2:  (110.21 + 12.01) 4> vs  (25.76 +
4.03) 4, t=11.50, P < 0.001; Hep3B: (15022 +
15.16) > vs (22.03 +14.26) 4, t=10.65, P <

0.001]; 7ESUN475%, i 3RIKLMNBIZ LXT ]
HAMIT A E R M [ (50.11 £ 5.55) 4> vs
(349.85 + 25.26) />, t=11.33, P < 0.001], 12
22 1A gk (R R B N [ (40.11 £ 5.26) A vs
(80.13 £12.20) 4>, t=5.21, P=0.007]. LA I%5
FRKW, LMNBIX A2 FERE e/ A &
BAEH, WS,

2.6 LMNBIX B A% ot AKT AMAPKAZ 5 4% 318
Bagien SXTIRAMLL, BUKLMNBI)G, AKTIH
TR AL T T K p-AK TR IA K B3 T, Mt
IELMNBI W] 38 p-AKTRIE T & . MRUKEUL R IA
LMNBIJ5, p-ERKFIE/KFTLEZELML, AKTH
ERK AR KA KR KA R, WE6.
2,

4 LMNBI EFE 4005 R AR GE 1RO R2 0T
#: AN HepG2 AHfa%% 4 siLMNBI J5 4 se B I RE 1 WA BRI [ (90.30+7.24) /> vs (382.01 +£25.27) 4, 1=19.24, P < 0.001];
B >y Hep3B 4 4x sSILMNBI J5 40 vE T RRE 7 R MK [ (128.03£824) AN vs (395.85+2827) A, 1=15.76, P<<0.001]; C Jy SUN475
YHRfIE 2k LMNBI JG TR T S BE /1 S [ (467.82+£42.45) A vs (8531+15.32) 4, (=14.87, P=0.001].

5 LMNBI MFHEMRRREZEMIBEENNFM (ERERE)

7: A, BN HepG2 Zifia#% 4k sSiLMNBI 5256 204N 1258 FE RS g 1 B4 PR, 1EF8:
(11021 £12.01) AN vs (25.76+4.03) 4, t=11.50, P <<0.001; C. D >y Hep3B #Mfiu’% 4k siLMNBI S22 1728 KT 7 fg

(16820+12.26) Nvs (34.83+7.61) 4, t=1596, P <0001, 122Z&:
10.65, P < 0.001; E. FJy SUN475 4ifigid ik LMNBI 236401228 TR Al B & %, 4%
(40.11 £5.26) 4~ vs (80.13+12.20) 4, t=521, P=0.007.

P <0.001: f27%:
TIRERE, T8

t=11.33, P <0.001, 1%%&:

(7525+8.10) A~ vs (15.02+3.50) 4>, t=11.90,

(150.22+15.16) A~ vs (22.03+£14.26) />, 1=
(50.11 +£5.55) 4> vs (349.85+25.26) 4,



G[E 5 LMNBI S EZHEREREFTIRENNEN (ERELEE)

: A, BN HepG2 4UA4%4x SiLMNBI SZia AU ANMIIZ 28 ST R e J1 B8 TG, 10F8:  (7525+8.10) ws (15.02+£3.50) 4, ¢=11.90,
P<0.001: 22 (11021£12.01) P vs (25.76+4.03) 4, t=11.50, P <<0.001; C. D Jy Hep3B 4Hifu%% 4L siLMNBI Sz 401248 M it ¥R
HBERG, TR (16820+1226) Mvs (34.83+7.61) 4, t=1596, P<<0.001, 1228: (15022+15.16) P vs (22.03+14.26) 4>, t=
10.65, P < 0.001; E. F >y SUN475 4l fiftid K iE LMNBI S5 R E SO MM B E L, iTR: (50.11 £5.55) 4~ vs (349.85+25.26) 1,
t=11.33, P<0.001, 12%%: (40.11+5.26) 4~ vs (80.13+12.20) 4, t=521, P=0.007,

6 Western blot #30 LMNBI FRi&Xt HepG2. Hep3B K& SUN475 AR Z h AKT (5545 S@EHISZIY
I A BURRUIE LMNBI 7] 582 A% HepG2 4L R 1 p-AKT FiksKF, MAFM AKT & 1. p-ERK & [ ) ERK & A IERIEKF
B E/RAAK LMNBI W] {22 F{% Hep3B A & p-AKT Rik/K P, MA#M AKT & H. p-ERK & H & ERK A RIAKT: C ERidR
15 LMNBI W] 52532 5 SUN4T5 4l & p-AKT £IE/KF, AW AKT 8 H. p-ERK & H K& ERK HEREEKT: p-AKT AR E
[ B (phosphorylated protein kinase B) , AKT JyZE 13 B (protein kinase B) , p-ERK Bk 40 fitu 41 5 2 (9345 (phosphorylated
extracellular regulated protein kinases) , ERK N4 4N & [ ¥4AEF (extracellular regulated protein kinases) ; GAPDH JyH g -3- WHER M
S (glyceraldehyde-3-phosphate dehydrogenase)

2 LMNBI M &FFEMEER AKT FSESBEREXERREITNM (x£s5)

s ) p-AKT/GAPDH AKT/GAPDH p-ERK/GAPDH ERK/GAPDH
HepG2
siScramble 1.11+0.20 1.30+£0.20 1.40+0.10 1.11+0.20
siLMNBI 0.40 0.1 1.20£0.12 1.32+0.15 1.10£0.20
Hh 7.32 0.90 0.87 0
PiE 0.002 0.418 0.432 > 0.999
Hep3B
siScramble 1.30+£0.20 1.20+£0.20 1.30£0.20 1.25£0.15
siLMNBI 0.12+0.07 1.10+0.08 1.30+0.30 1.18£0.26
JZ1:8 12.35 0.97 0.00 0.40
Pi& < 0.001 0.388 >0.999 0.707
SUN475
PCDH 0.08+0.10 0.49+0.10 0.33+0.03 0.29+0.30
ovLMNBI1 0.49+0.10 0.60 +0.02 0.31+0.03 0.19+0.20
HE 5.58 1.60 0.15 0.44

Pi& 0.005 0.185 0.888 0.681
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e — MR R R 2k . BRI E, RS
R, ERFEWE, SR AR HLE] AN 5 AT
2o DR, 7RI B AE o T LN T2
W vEIT AT P 2 o

LMNBI1Z % 41 J= W B S B 7, Az
PEEEM SCRE, Fmid AT )i . DNARE R, &
SR G2 5iRE AR 2" Y. LMNBI b5
2B, & SELMNBIFK X i, W E#HEsk
S5 NIRRT A EFRARY . WHEE
B, LMNBIE—SS3E, WGy o 55
Ik, X HARE RS RARTE, WX TCGA
O 2 3 At R IMLMNB I e 4 23 30k L 55 1
WHLE, M HLMNBIFRIEKN5 s 8 s 2
ARG, A, ASHFFR IR e T IE R T4
MRS & AR, #—PRIUELMNBI KL K
SPAE R PR S A . REE T2 ke T
LMNBITESEARE ) 58 k™, A% LMNBIS
JFF i R ) AR LR 0 R e 4 BRI . ARSI S ik —
A LMNB I R FIER], BURLMNBI G K
JH-Jea A M () 386 58 ST RS 1R 28 e ), S5 R BN, AR
LMNB W] 55 JH-J 40 B i 386 5 S 38 R 1R 28 66 )
XS ER R T A L R — 8, 2 RIE R
B, SICLMNBI W] /b ok e 4R M i 3 8 . 1228 K
JifRg A, LMNBIBATE RIS S50 s % R  7)
BYA BIRAE R A U T LMNBIX P K
AR EEER .

ERZHN KRS, BERRNLIE3-F/ & H
B (phosphoinositide 3-kinase/protein kinase B,
PI3K/AKT) {55 % 38 B 4 0 « PI3K/AKT#
%2 A oh = KKl F (epidermal growth factor,
EGF) 5B Z AN 2 RIS (receptor tyrosine
kinases, RTKs) Z5G30E 1, 75 - 1540 f 38 58 |
R R, AR T IR E AR, HR
A H S SRR CE I 2 R 2, PIBKY
AKTAE 5§ Tl 7 B AE T 2 ET, %
3 AR A R AT SR S T H R
LRI T PI3K/AKTAS S Sl 16 1) /N3 T3]
FULEWG R LS, BB 20 PISK R R e L sh i 2
HENEF R A (mammalian target of rapamycin,
mTOR) ] 57 S L v FH T I PR VA 77 22 AH)E
FUAEE— SR FCLMNB 12 33 T8 3 e fa L), Xt
PI3K/AKT/E 54 Tl % L MAPK/ERKAS 5 S8
FRIEATREN, R EREIRLMNBLG, AKTKERK
FIAE K B2 4, TTAKTH)E I A p-AKT

Tk AL, BVEKLMNBI 5 PI3K/AKTYE
5 I 5 E R IO A R A H], TIMAPKA(E 5% %
TR E A . Wik, A FHIANLMNBIT @S
HLAKTAE 53 @ ke g Hm it g, LNMBLA
FAE R AT S S B R R RIS T

g LRk, LMNBIT I #EPI3K/AKTIE 5
B SOm B L R AN B 3G I T R 2R, b
HE I 1 A itk . LMINBI W] RE RR R 38 ( FF
BITHLS, AR TR B E G SR cE R
=P
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